For sustainable use of coastal wetland ecosystems, vulnerability of the Xuan Thuy Ramsar site in the northern coast of Vietnam, an internationally important area for feeding and roosting of migratory water birds, is assessed. The assessment tools include 1) a geographical information system database, which describes physical, socio-economic, and environmental conditions; 2) spatial multi-criteria decision analysis, and 3) evaluating criteria by a pair-wise comparison method. Consequently, coastal vulnerability criteria were determined following three periods of a year with different density of migrating birds: the highest density period -from September to March of the following year; the average density period -April and from August to October; the lowest density period -the remaining time in year. For each period, 5 levels of vulnerability (from 1-lowest to 5-highest level) were determined. High vulnerability level is concentrated in a great area, belonging to the ecological restored area and the south of communes Giao Thien, Giao Xuan; Low vulnerability level is distributed in communes of the buffer zone. Correspondingly to each vulnerability level, recommendations are given for the risk management, resource use, environment protection and human activities.
Introduction
With more than 3200 km of shoreline, Vietnam's coastal zone provides a diverse range of natural resources (wetlands, geotopes, minerals, etc.) and favorable conditions for social and economic development (fisheries, aquaculture, agriculture, tourism, transportation, urbanization, etc.). However, the ecosystems there are highly vulnerable, due to several coastal hazards such as typhoons, storm surge, erosion, earthquakes, environmental pollution, global climate change and sea level rise and irregular exploitation and human activities which intensify these natural impacts such as mangrove logging for shrimp farming and fuelwood, wastes disposal, etc. These vulnerability causing factors are great obstacles to the country's purposes of sustainable use of coastal wetland resources.
In order to diminish damages from unexpected events, vulnerability has been researched since 1990s on several different thematics, including economic and environmental vulnerabilities [18, 9] , human and community vulnerability [17] , vulnerabilities from natural hazards [4, 3] , coastal vulnerability [8] , and human insecurity [5] . In recent years, due to the increase of hazards in the linkage with global climate change, the thematic of vulnerability from impacts of global climate changes and sea level rise is more concentrated [1, 22] . Vulnerability criteria and protocols of vulnerability assessment and mapping is proposed by NOAA [17] , SOPAC [9, 18] and Bankoff et al [3] , are involved with 3 groups of criteria: risk, vulnerable objects and coping capacity in an applicable manner with mapping software. Whereas spatial variation in values of these three components is widely assessed based on the vulnerability map, the temporal variation is assessed in only few researches, with focus on some specific subjects, such as seasonal variations of natural hazards [3] or annual variations of exposed population [4, 5] . These researches also emphasis vulnerability analysis as a mean of strengthening policy formulation and policy practice, in aspects of hazard mitigation, environment protection, conservation and sustainable use of natural resources, etc. In Vietnam, vulnerability was only assessed for the geological risks [10, 16] , showing that, for sustainable development of coastal areas, the planning for wetland use should be based on vulnerability assessment.
Density of migratory birds in this area varies following three periods of a year: the period with the highest density (up to 30 -40 thousands of individuals observed) -from September to March of the following year; the period with average density (up to 20 thousands of individuals observed) -April and from August to October; the period with the lowest density (few individuals observed)the remain time in year [11] .
In this area, the determined hazards include erosion, channel siltation, storm and flooding, salt contamination, environment pollution, sea level rise [14, 15] . Erosion was determined to occur intensively at Lu Island (eroded few hundred meters along the back part), the coastal zone of Giao An commune and Giao Phong commune and up to 4 km along the coastline of the Giao Xuan commune (with rates of 8mm/year). Therewith, channel siltation occurred at both heads of Lu, Ngan and Mo Islands. During the period from 1938 to present, the Ba Lat estuary has had its main channel changed four times [15] . Storms occur most frequently from July-September, with an average of five major storm events per year, leading to floods with a great loss of property. In 27 th Sep. 2005, the seventh storm of the year occurred with the spring tide on had raised the tide level up to 2, 65 m (highest ever recorded in the last 40 years) and brought sea water over the Bach Long dike, leading to structural failure of several segments of dike and a subsequent loss of tens hectares of rice fields [14] . The environment is high polluted by wastes from the local residents and the industries and cities over the whole catchments. In aquatic environment, concentrations of Cu, Pb, Zn and Hg are 1.2 to 6.9 times higher than the allowed limitations (in comparison to the Vietnamese standard TCVN 5943-1995) [13, 14] . In sediments, concentrations of peticides and herbicides such as lindan (33.2 ppm), aldine (4.5 ppm) and endrine (8.98 ppm) are higher than the allowed limitations, also [11, 13, 14] . According to World Bank (2007) [7] , Vietnam is of the 3 countries under the highest influences by global climate change and sea level rise. In addition mean sea level height has been estimated to increase by as much as 1 m, directly influencing all low land areas less than 10 m height. Because the average altitude of the study area is only 0.5 -0.9 m, destruction of coastal ecosystems and habitats, etc. In Lu Island alone, more than 2 ha of casuarinas forest died because of the rise in sea level.
Human activities are an important cause that threaten ecosystem in the area. Local people can earn VND25, 000 -VND30, 000 per day from selling crabs, shrimps or oysters [6] . Cutting of mangrove for firewood is great threat to the mangrove forest ecosystem in the area. Other activities such as living activities, industry, aquaculture, cultivation, transportation, etc. release wastes, pollutants and also create Journal of Wetlands Ecology, (2009) vol. 2, pp 1-16 Open access at www.nepjol.info/index.php/JOWE Wetland Friends of Nepal www.wetlandsnepal.org risks to coastal ecosystems, environmental quality. So vulnerability of Xuan Thuy wetland has been having increasing tendency, obstructed sustainable resource use in the area.
Methods
The methods used in this research were inherited from methods and criteria for assessment of coastal vulnerability index (CVI) of America [8, 17] , for environmental vulnerability index (EVI) of SOPAC [9, 18] , assessment protocol of NOAA [17] with calibration to Vietnam situation [10, 16] . Following, vulnerability of the Xuan Thuy wetland is defined as a function of three components: Vij = f (aRxiyj, bPxiyj, cCxiyj) 1) Rxiyj: the total risk from natural hazards (i.e. erosion, channel siltation, storm, sea level rise, environmental pollution; etc.) 2) Pxiyj: Density and distribution of vulnerable objects (i.e. population, properties, resources, ecosystems);
3) Cxiyj: Coping ability (including objects with natural coping capacity such as mangrove forest, intertidal muddy sand or sandy mud flats, consolidated geological formations or with social coping capacity such as intellectual level, infrastructure and programs, actions to protect natural resources and environment, mitigate hazards, etc.) xiyj is geographical location of each pixel in the coastal vulnerability map, in this studied area, dimension of a pixel is 1 km x 1 km a,b,c: are weight of the components.
Calculation of Rxiyj is based on the following formula:
In which, Gt = (Ft+ At) x Mt [3] ; n is number of the hazards (and hazard intensifying factors) in the studied cell, kt is the weight of the hazard number t, determined by, Gt is grade of the single hazard number t, F is frequency of the hazard number t, A is the affected area of the hazard number t, M is intensity of the hazard number t, R is the total risk of all hazards available in the cell.
Values of F, A, M are spatial interpolated based on GIS tools (density, distance, classification) and value of Gt is calculated for all pixels in the map.
Based on their significance, criteria of the three vulnerability components were weighted, graded and grade -based ranked (from 1 to 5 for the lowest to highest level, respectively) for levels of risk (or pressures) (i.e. hazards and potential factors causing or intensifying hazards), density and coping capacity of the vulnerable objects. The weighting method followed the Assessment Matrix [20] and was conducted based on Expert Choice software [19, 20] . 
Results and Discussion
For vulnerability assessment of the Xuan Thuy Ramsar site, the three following criteria were considered:
a. The level of risk as a driving force for vulnerability
The level of risk in the Xuan Thuy Ramsar site was defined to include hazards (e.g. erosion, channel siltation, sea level rise, environment pollution, etc.) [11, 14, 15] and potential factors causing or intensifying hazards (e.g. human activities [6] like aquaculture, cutting mangroves, agriculture, tourism, transportation etc.). The grading results shows that, hazards such as erosion and environmental pollution have the highest grade (0,181) whereas earthquake risk has rather low grade (0,042).
Correspondingly, in the established map of total risk in scale of 1:60.000 (figure 3), three regions with very risk level from low to high can be distinguished as follows:
Regions with high risk include some parts of Lu and Xanh areas, which belong to the strictly protected zone, (area of 543.8 ha, accounting for 4.1% total area of Xuan Thuy Ramsar site), Giao Thien commune (2.4%), Giao An commune (2.3%) and the ecological restoration zone at the southern part of Lu island (1.6%). Regions with high risk were determined to be distributed around Ngan Island, along Tra and Vop rivers, bordering the strictly protected zone and Giao Thien, Giao An communes, southwest of Lu Island and the southeastern part of Xuan Thuy site, neighbouring the Ba Lat estuary.
Regions with low risk locate at the south of Lu and Xanh islands, around the internal flat of Giao An commune. Regions with very low risk remain at the buffer zone, belonging to Giao Hai, Giao Thien, Giao An, Giao Lac, Giao Xuan communes and the northern part of Lu Island. 
b. Vulnerable objects
Vulnerable objects include: bio-resources (e.g. native birds, migratory birds, etc.) and wetland types (e.g. the permanent submarine water area <6 m water depth in neap tide, estuarine wetland, tidal mudflat with mangrove forest, agricultural and aquacultural areas, etc.)
The most prominent features of the study area is the presence of some seasonally migratory bird species, which have great value for bio-conservation, feeding, breeding and living on tidal flats, estuarine water area, estuarine islands, etc [11] . Therefore, the wetlands, with functions as feeding, breeding and living places for migratory birds, are highly graded, relatively to the other vulnerable objects in the studied area. Corresponding to three periods with different densities of migratory birds, three-zoning maps of vulnerable object density were created (figure 4, 5, 6).
The first period (from November to March of the following year) ( Figure 4) : is characterized by having the highest densities of vulnerable objects, corresponding with the peak period of migratory birds (e.g. Black- The second period (in April and from August to October), figure 5 : has lower densities of vulnerable objects, partially linked with the migration of water birds. The vulnerable objects remained included some common migratory water birds such as Black -faced Spoon -Bill Platalea minor, Spoon -billed Sandpiper Eurynorhynchus pygmeus, together with some native fauna, flora and wetland types. In general, the strictly protected areas and the ecological restored areas have the highest density of vulnerable objects (birds, wetland types such as mangrove forest, tidal mudflat, tidal creeks, etc.). In the first and second periods, density of vulnerable objects in these areas is much higher, linked the higher density of migratory water birds.
c. Coping capacity of Xuan Thuy Ramsar site
The coping capacity of the Xuan Thuy Ramsar site against hazards and potential factors causing or intensifying hazards was determined to deal with social potential (e.g. employees, income, education, wetland conservation activities, transport system, dyke and dam systems, etc) (table 1) and natural potential (geological ground, protective forest, mangrove forest, etc). Of these mentioned criteria, measures and activities for wetland conservation [6] were assessed to be the most important component of coping capacity in the Xuan Thuy Ramsar site. Results from the assessment allowed a creation of a map of coping capacity of the Xuan Thuy Ramsar site ( figure 7) . Regions with the highest coping capacity were the strictly protected zone, thanks to the effective protection activities there. Lower coping capacity is registered for the ecological restored zone and communes in the buffer zone. 
Discussion
Vulnerability of the Xuan Thuy Ramsar Site was summarized based on three components: Risk; Density, distribution of vulnerable objects; and coping capacity with the risks. Following the protocol in figure 2 , the wetland vulnerability maps of Xuan Thuy in are created following three period with different vulnerable objects ( figure 8, 9, 10 ). The characteristics associated with the distribution of vulnerability differed according to space and time. Results from performing map algebra to the above three component maps created three coastal vulnerability maps of three periods in the year. The three maps are classified to 5 levels of vulnerability (from 1-lowest to 5-highest level). Finally, using methods of map algebra to the three vulnerability maps according to period, a vulnerability map in a year was established.
The first period (from November to March of the following year) (Figure 8 ): This is the most vulnerable period (least resilient). The highest level of vulnerability makes up 14.9% of the total area was concentrated in the South of communes: Giao Thien, Giao An, the buffer zone and a small part of strictly protected area (roosting areas for migratory water birds and areas of looking for food of birds). The lower level of vulnerability concentrated in ecological restored areas and the rest of the strictly protected area showed a diverse botanic-animal system. The lowest level of vulnerability (makes up approximately 2%) was centered in the North of communes of the buffer zone and a small path of strictly protected area.
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The second period (in April and from August to October) (Figure 9 ): This period has lower vulnerability in comparison to the first period. The highest levels of vulnerability makes up 8.7%, concentrated in the South of communes: Giao Thien, Giao Xuan, the East South of commune Giao An. Ecological restored areas and strictly protected areas had lower levels of vulnerability. The North of communes of the buffer zone, a small part of Lu Island (a strictly protected area) had the lowest levels of vulnerability, making up 14.5%. The third period (from May to July) ( Figure 10 ): This period showed the lowest vulnerability. The areas with the highest levels of vulnerability makes up 5.7% of total area, concentrated in the South of communes: Giao Thien, Giao Xuan. Lower vulnerability was concentrated in the ecological restored area. The lowest level of vulnerability makes up 11.6%, concentrated in the North of commune Giao Hai.
Based on three vulnerability maps of three periods, a 1-yr vulnerability map of the Xuan Thuy Ramsar site was established ( Figure 11 ). The highest levels of vulnerability made up 17%, concentrated in the ecological restored area and a part of the South of communes: Giao Thien, Giao Xuan where it borders along the ecological restored area and strictly protected area (these areas developed strong aquaculture and tourism, and are roosting and foraging sites for migratory water birds); coping ability to risk is at an average level. The lowest vulnerable level makes up 14.5% of the total area, concentrated in the South of communes: Giao Thien, Giao An, Giao Lac (these areas have poor wetland systems; the effect of risk is not high, and infrastructure is developed). The assessment of vulnerability of wetland ecosystem in Xuan Thuy Ramsar site shows that areas of high vulnerability is generally characterized by combination between high risk (from hazards and intensifying factors), medium to high density of wetland resources (specifically with migratory water birds) whereas the coping capacity of social -economic system is just medium. In controversy, the areas of low vulnerability not only have low risk from hazards but also locate far from social or economic center, inhabitant zone or position of high function -value resources.
Results of vulnerability assessment can be used as the fundament for sustainable use planning of wetland resources in the Xuan Thuy Ramsar site. Solutions to reduce vulnerability level should involve with three main tasks: hazard mitigation (to reduce risk), planning for sustainable wetland resource use (to mitigate damages and loss of vulnerable objects) and education, propagation on protection and conservation of wetland resources (to enhance coping capacity). The planning for sustainable wetland resource use should be based on vulnerability features of the assessed regions ( Table 2 ). Based on characteristics of socialeconomic development, the types of symbolic wetlands and assessment vulnerability results, there are ecomodels that need to be applied and carried out: develop public forestry and eco-tourism together (strictly protected area); eco-agriculture, eco-aquaculture and public forestry (ecological restored area); ecoagriculture and eco-aquaculture (communes of the buffer zone). Besides, based on classifying vulnerability according to the periods, some solutions should be applied to increase coping capicity, restoring to decrease damage from risk and to protect and preserve the wetland resource. Concretely, the first period (from November to March of the following year) coincides with the peak of migratory water birds and the system is most easily impacted from environmental pollution and saltwater intrusion. Therefore, in this period, it is necessary for activities such as environmental monitoring, increasing management of the environmental resource at the local government, activities to educate and propagate, and raise knowledge in the community.
Conclusion and Recommendations
The factors defining vulnerability of wetland ecosystem in the Xuan Thuy Ramsar site are risk from vulnerability causing factors (with hazards such as erosion, channel siltation, storm and flooding, pollution of water and sediment, etc. and hazard intensifying activities such as aquaculture, agriculture and tourism), density of vulnerable objects (i.e. wetland ecosystem according three periods of a year with different density of migratory birds) and coping capacity (including objects with natural coping capacity such as mangrove forest, intertidal muddy sand or sandy mud flats, consolidated geological formations or with social coping capacity such as intellectual level, infrastructure and programs, actions to protect natural resources and environment, mitigate hazards, etc.).
Journal of Wetlands Ecology, (2009) vol. 2, pp 1-16 Open access at www.nepjol.info/index.php/JOWE Wetland Friends of Nepal www.wetlandsnepal.org The vulnerability map of wetland ecosystem in the Xuan Thuy Ramsar site in scale of 1:60.000 was established based on weighted map algebra with overlapping of three criteria classes: risk from vulnerability causing factors, density of vulnerable objects and coping capacity. The areas most vulnerable (a great part of area belonging to the ecological restored area and the South of communes Giao Thien, Giao Xuan) were those exhibiting highest levels of risk, high value vulnerable object (diverse wetland system with sensitive mangrove ecosystem, roosting and foraging area for precious migratory water birds), and coping capacity of humans to risks is at an average level. Conversely, the areas with average and low vulnerable levels of risk occurred in strictly protected areas (has a dangerous level from risk and density, distribution of receptors of vulnerability are at high levels, coping capacity is very high) and the great area of communes of the buffer zone: Giao Thien, Giao An, Giao Hai, Giao Lac (these areas are far from the coastline, they have a low level of risk, wetland resources and wildlife are not abundant, coping capacity to risk is at an average level).
Based on vulnerability levels, some solutions were proposed for the suitable use of wetland resources and to serve sustainable development of coastal zone: planning for suitable use of wetland resources based on assessment vulnerability (public forestry, eco-agriculture, eco-aquaculture, eco-tourism), increased coping capicity, restore to decrease damage from risk (manage resource and environment, educate, raise knowledge of community, environmental monitoring). Besides, in the period with the highest density of migratory bird (from November to March of the following year), activities such as environmental monitoring, wetland protection and management, education to enhance coping capacity should be emphasized.
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